In pursuit for new reactive materials designed for synthesis of functional resins, the novel core-shell type polymeric supports with accessible chloromethyl groups were synthesized. The commercial Amberlite XAD-4 adsorbent was impregnated with different mixtures of vinylbenzylchloride and divinylbenzene, that were further polymerized in the structure of the polymer carrier. The syntheses have been evaluated by recording FT-IR spectra, capturing SEM micrographs as well as analyzing the sorption and desorption of nitrogen at 77 K. The amount of the introduced functionalities has been estimated by chlorine content determination. Based on the obtained results, the reactive chloromethyl groups were successfully introduced into XAD-4 structure. Captured SEM micrographs revealed that VBC/DVB copolymer has covered initial polymeric matrix of XAD-4 adsorbent. Based on the results we have determined conditions of the synthesis that allow us to receive that effect.
Introduction
The most popular supports for preparation ofion-exchange resins are various types of polystyrene (S) and divinylbenzene (DVB) copolymers. A preparation of that type of materials requires in a first step, copolymerization of styrene (S) and divinylbenzene (DVB) to form a crosslinked suspension copolymer, S/DVB. The method allows to obtain a material with transverse, very durable covalent bonds resulting with polymeric beads that are resistant for any kind of chemical environment. 1 Usually, the copolymerization process is followed by introduction of reactive sites (chloromethyl groups) into polymer structure using bis-chloromethyl ether (BCME) as an alkylating agent. 2 The procedure has its disadvantages, including extent of methylene binding (reaction of a chloromethylated ring with a benzene ring) which occurs during chloromethylation, influencing the final properties of the S/DVB resins. 3 Furthermore the strongly carcinogenic character of the BCME creates a pressing need for creating materials that could be equivalent to chloromethylated S/DVB copolymers. 4 One of the opportunities was created by Subramonian, who proposed the use of vinylbenzyl chloride (VBC) as a starting monomer instead of styrene. 3 Copolymerization of VBC with DVB results with obtaining a copolymer (VBC/DVB) with chloromethyl groups already existing in the copolymer, ready for direct functionalization to ion exchangers. 5, 6 However, the active sites, derived from VBC, differ with an accessibility in and out polymer matrix. 7 The phenomenon creates a risk of wasting those precious functionalities during a modification.
In the worldwide literature some methods of improving the accessibility to the reactive chloromethyl groups are reported. The conventional method, 8 involving the ad-dition of the functional monomer (VBC) simultaneously to the supporting monomers S and DVB, leads to the possibility of this relatively expensive active-site functional monomer being occluded inside the polymer network, and as result, could be not available for reaction. 8, 9 Furthermore, other, more effective methods, as preparation of macroporous materials with large pores, 10 and appliance of surface-gradient polymerization using VBC as a functional monomer are not fully successful. 9 The objective of the present studies is an evaluation of the new method of improving access to chloromethyl groups originating from the VBC in a course of synthesis of interpenetrating polymer networks (IPN).
The term interpenetrating polymer networks describes a material containing at least two polymers, each in network form wherein at least one of the polymers is synthesized in presence of the other polymer network. The polymer networks are physically entangled with each other and, in some embodiments, may be also covalently bonded. IPN's have been subject of few monographs, 12, 13 furthermore examples of different materials based on different IPNs are provided for instance in patents' sources. [14] [15] [16] Nevertheless the worldwide scientific and patent literature does not provide information about IPN's, based on the commercial adsorbent and the VBC/DVB copolymer, that were used for functional resins preparation.
The aim of the present work is an evaluation of a procedure of synthesis of new polymeric supports designed for synthesis of new functional resins. IPN's based on the Amberlite XAD-4 adsorbent (macroporous S/DVB copolymer) and the VBC/DVB copolymer have been obtained using impregnation and in subsequent step suspension polymerization technique. The present studies describe the different procedures of synthesis, that lead to obtainment of matrices characterized by improved accessibility to their functionalities. The effectiveness of the presented process has been confirmed by analysis of Fourier's Transformation Infrared Spectra (FTIR). The change in the appearance of the beads of the initial XAD-4 matrix was determined using Scanning Electron Microscopy (SEM). Amount of the chloromethyl groups, introduced into XAD-4 sorbent has been estimated by chlorine content analysis. The accessibility of the reactive chloromethyl groups has been evaluated in course of determination of the changes in the porous structure of the initial polymeric supports.
Materials and Methods

Reagents
The monomers (VBC, DVB) for the polymerization procedure have been purchased from Sigma-Aldrich Co. The vinylbenzyl chloride (VBC) 99% (mixture of 3 and 4 isomers) and divinylbenzene (DVB) 80% were purified before use by the most convenient method-distillation under reduced pressure. Polymer support, the Amberlite XAD-4, and polyvinyl alcohol (PVA, M W = 130000 ) acquired in Fluka have been used as received.
2. Polymerization Procedure
The IPN resins coded as 1T, 2T, 1TD and 2TD based on the Amberlite XAD-4 adsorbent and the VBC/DVB copolymer have been synthesized using the suspension polymerization technique.
Starting monomers, VBC and DVB (10 mol% in respect to VBC), have been placed in a glass vial. Then, organic solvent, toluene (solution T) or mixture of toluene and dodecyl alcohol (solution TD) was added in order to obtain a solution where monomers (VBC and DVB) constitute 65 wt% (solution T) or 45% (solution TD). The azobisisobutylonitrile (AIBN, 0.2 wt% in respect to monomers) was used as the initiator. As the result of appliance the "sol" toluene (in respect to monomers, solution T) it has been expected that VBC/DVB polymer network introduced into the XAD-4 polymer network should reveal expanded-gel structure (resins 1T and 2T). 17 Mixture of the "sol" toluene and "nonsol" dodecyl alcohol should result with porous structure of the introduced VBC/DVB network (solution TD, resins 1TD, 2TD). 18 The Amberlite XAD-4 adsorbent was being swollen in the selected mixture for 18 hours at +3 °C in order to prevent initiation of the polymerization. After that, the impregnated XAD-4 resin has been separated from the excess of the organic phase by centrifugation.
The impregnated XAD-4 supports have been suspended in an aqueous phase composed of polyvinyl alcohol (PVA) and calcium chloride CaCl 2 . The mixtures have been stirred (300 RPM) under reflux condenser at 55°-90°C in a tubular reactor equipped with a propeller stirrer. Details of the proceeded synthesis processes are displayed in Table 1 . The synthesized IPNs' beads, after polymerization process, have been transferred into fritted-glass funnel and extensively washed with acetone, cold distilled water and hot distilled water, respectively. Then the new coreshell type IPNs were swollen in acetone, dried and extracted in toluene in order to remove all of the unreacted monomers and oligomers. After described procedure the beads of the resins have been dried and used for further procedure.
3. Analysis Methods
The Fourier's Transformation Infrared Spectroscopy (FTIR) analyses were proceeded to confirm presence of the introduced relativities. The FTIR spectra in KBr pallets were recorded with use of Perkin-Elmer System 2000 spectrophotometer.
Chlorine content analysis was executed to estimate an amount of the reactive chloromethyl groups introduced into XAD-4 structure. About 30 mg of the dry polymer sample was burned-out in an oxygen-filled flask. The products of burning were adsorbed in diluted hydrogen peroxide solution. The content of Cl was determined using the Schöniger's method applied to polymers. 19 Changes in the morphology of the Amberlite XAD-4 resin, after polymerization process were examined by scanning electron microscope JSM 5800LV (SEM). Size of the pores and surface area were received using technique of nitrogen adsorption at the liquid nitrogen temperature using Micromeritics ASAP 2020 analyzer. Resultant data were subjected to Brauner-Emmet-Teller (BET) treatment.
Results and Discussion
The described polymerization procedure was assessed by evaluation of chlorine content, presence of the reactive chloromethyl groups and appearance of the obtained IPNs. The presented results concerns successful syntheses that allowed for determining conditions of the processes.
1. Polymerization
The main drawback, that has been met during applied polymerization processes, was a proper reagents dispersion. Because of the reagents nature (application of the commercial polymeric sorbents) it has been assumed, that a proper water-phase applied for suspension polymerization procedure should reveal density that allow to suspend the impregnated XAD-4 beads.
During first attempts of present process designing, as a water phase the mixture of lightly cross-linked polyvinyl alcohol and gelatin was used as a water phase. It was expected that density of the applied mixture will help creating a correct suspension. Instead, the reaction proceeded with a proper reagents dispersion up to 70 °C. After crossing that temperature (up to 90 °C) the system revealed agglomeration of the impregnated XAD-4 beads and after synthesis process content of the tubular reactor revealed heterogeneity: next to the IPNs other type of copolymer, probably VBC/DVB, has been obtained. Therefore the samples obtained using that procedure were excluded for further analyses.
Basing on the experience of the authors with the VBC monomer, 6, 20 the water phase composed of PVA and CaCl 2 has been prepared and applied to the present processes. As the result, a proper reagents dispersion during synthesis processes was achieved and the obtained products revealed homogeinity. The Figure 1 shows wrong reagents dispersion (a) after appliance of the mixture of the lightly-crosslinked PVA and gelatin as the water phase and the effect of usage of the mixture of PVA and CaCl 2 (b) The determined composition of the most suitable water phase allowed to focus on the other aspects of the synthesis. Therefore the processes were diversified using different impregnating solutions (T and TD).
The synthesis Process Assessment
The objective of the proceeded polymerization processes was introducing the reactive chloromethyl groups into the Amberlite XAD-4 polymer supports. The procedure could be an alternative for processes of chloromethylation of S/DVB copolymers or usage of VBC/DVB co-polymers. Therefore, the presence of the chloromethyl functionalities was the main factor that indicated if the synthesis was successful. For that reason the FT-IR spectra, displayed in the Figure 2 , were captured and analyzed. transformation of the VBC to vinylbenzyl alcohol. Basing on the recorded spectra (Figure 2 ) hydrolysis of the VBC during synthesis of the resins 2T and 2TD cannot be clearly excluded, but, if occurred, it proceeded to a much lesser extent.
The present studies focus on the selection of an appropriate impregnating solution and method of removal of an excess of it, that was crucial. Insufficient procedure resulted with "over-polymerization", where next to the IPN beads other products were visible. On the other hand too efficient removal could lead to IPNs with reduced amount of the chloromethyl groups introduced in. The presented IPNs are selected ones, which syntheses proceeded successfully and efficiently allowing for direct comparison and selection of suitable techniques.
Determination of the chlorine content at this stage of the synthesis provided an information about the amount of the chloromethyl groups introduced into polymeric precursor simultaneously indicating an efficiency of the process. Presence of the chlorine in the XAD-4 beads could lead to conclusion, that VBC/DVB copolymer has been successfully created inside applied polymer supports. Table 2 displays determined chlorine content in the obtained polymers. The spectra of all of the resins reveal sharp peaks at 1268 cm -1 (Figure 2 , 1T, 2T, 1TD, 2TD, Figure 2 ). Those bands have been previously recognized as an indicator of the C-H interactions, where C is simultaneously attached to Cl. 6, 21 The conclusion is supported by appearance of the strong peaks at 709 cm -1 ( Figure 2 ) that could be assigned to the C-Cl bonds. Based on the FT-IR spectra it could be stated that the reactive chloromethyl groups were successfully introduced into XAD-4 matrix. The spectra recorded for the resins 1T and 1TD (Figure 2 ) reveal wide bands at 3438 cm -1 and 3441 cm -1 , respectively. Those peaks might be attributed to the presence of the -OH groups. Appearance of those moieties is probably caused by hydrolysis of the VBC monomer to a vinylbenzyl alcohol. According to Subramonian undesired hydrolysis of the VBC monomer during synthesis process is very difficult to avoid. Nevertheless, presence of the hydroxyl groups is determined only in case of the resins obtained using mixture of monomers in toluene (solution T). There is possibility that the concentration of monomers (65 wt%) in the used impregnating solution T (resins 1T and 2T) could propagate
The results confirm that the greater centrifugation speed is (see Table 1 ), the less chlorine content is observed (Table 2 , resins 1T, 1TD versus 2T, 2TD). The greatest amount of the chloromethyl groups introduced into XAD-4 matrix using different impregnating solutions has been found for resin 2T (1.41 mmol/g, Table 2 ). The effect is probably attributed to the intensity of removal of mixture of monomers (centrifugation speed 500 RPM) as well as the combined concentration of the VBC and DVB in the solution T (65 wt%). The conclusion is supported by chlorine content determined for the resins 1T and 2T ( Table 2 ). The processes were differed by applying different intensity of the removal of an excess of the monomers as well as their concentration applied. Regardless to the used impregnating solution, the centrifugation method turned out to be sufficient. The synthesized inside the XAD-4 matrix VBC/DVB copolymer has not been creating a separate phase, and no additional products were observed.
The FT-IR studies delivered the proof that the chloromethyl groups have been successfully introduced into XAD-4 polymer supports. The chlorine content indicates correlation between intensity of organic phase removal and amount of chloromethyl groups present in the IPNs' structures. Although those analyses do not provide an insight in the nature of the changes in the morphology of the resins' beads regarding to the applied impregnating solution. Determination of those, could make easier to plan possible applications of the synthesized materials. Therefore SEM micrographs of the obtained resins have been captured. Figure 3 displays SEM images of the Amberlite XAD-4 adsorbent and the synthesized core-shell type resins. Appearance of the surface of the IPN polymeric supports provides a significant information about nature of the different synthesis processes. Comparison of the structure of the precursor (XAD-4) and derived from it resins 1T and 1TD reveals no change in the morphology of the beads of the resins. Micrographs 1T and 1TD show a smooth porous surface of the polymeric supports. The effect means that no additional network (VBC/DVB) was created outside the XAD-4 grain. Nevertheless, the chlorine content and recorded FT-IR spectra (Table 1, Figure 2 , respectively) indicate, that the chloromethyl groups were successfully introduced into precursor. That fact may lead to the conclusion that VBC/DVB copolymer was created inside the porous structure of the Amberlite XAD-4.
An opposite situation is observed in case of the resins 1TD and 2TD (Figure 3) , where less intensive centrifugation probably promoted the creation of the VBC/DVB copolymer on the external surface of the initial adsorbent. That means, that reactive chloromethyl groups derived from the VBC monomer may be concentrated inside (the resins 1T, 1TD) as well as on the outside (the resins 2T, 2TD) of the structure of the Amberlite. The phenomenon is strictly correlated with centrifugation speed (1000 versus 500 RPM). Also, comparing the structures of the resins 2T and 2TD there is a possibility that appliance of the "sol" and "nonsol" organic solvents in the reagents mixture (the solution TD) allowed to obtain material, which pores could be accessible despite presence of the regular VBC/DVB "coating". Taking into account the treatment of the synthesized resins (extensive washing and swelling in acetone and toluene), and the fact, that the beads remained coated regularly (the resin 2TD) or irregularly (the resin 2T), there is a possibility, that those two phases (Amberlite XAD-4 and VBC/DVB) are at least partially interlaced on the molecular scale. Therefore the morphology of the surfaces of the resins (Figure 3 ) suggest that the result of the synthesis depends on the applied centrifugation speed as well as the composition of the impregnating solutions. Moreover, there is a possibility, that if the surface of the XAD-4 is covered with a layer of the VBC/DVB copolymer, internal surface, interior of the porous architecture, could be also coated with VBC/DVB. In order to verify that suspicion it was necessary to analyze nitrogen adsorption-desorption isotherms that provide an information about changes of the porous architecture resulted from synthesis of the new materials. The Table 3 presents parameters for the selected resins
The resins covered with a layer of chloromethyl groups (derived from VBC monomer) may be obtained by applying centrifugation of 500 RPM and mixture of toluene and dodecyl alcohol as impregnating solution. Furthermore, based on the analysis of nitrogen sorption and desorption it is possible that the introduced relativities are concentrated also on the internal surface of the polymeric carrier, making them accessible.
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The BET surface, received for the resin 2T and 2TD is comparable, although, the polymeric support, obtained using impregnating solution composed from mixture of monomers in toluene (solution T) reveal slightly lower surface area as well as volume of the pores comparing to the resin 2TD. That phenomenon may indicate, that appliance of the solution TD (mixture of the monomers in toluene and dodecyl alkohol) might indeed result with porous structure of the VBC/DVB copolymer introduced into XAD-4 adsorbent.
According to the IUPAC nomenclature the average pore size of approximately 4 nm, places the initial matrix and the obtained resins in area of mesoporous materials. Modification of XAD-4 did not influence average pore size significantly, only slight decrease was observed. That effect, simultaneously with decreasing volume of the pores as well as their surface may suggest, that the VBC/DVB copolymer could cover not only the external surface of the initial matrix (revealed in the Figure 3) . In fact, in very simplistic terms, it is possible that the pores could be covered with a thin layer of the introduced copolymer. As the result, there is a possibility that the reactive chloromethyl groups, derived from VBC monomer may be entirely accessible for modification.
Conclusion
We have synthesized and investigated a series of new polymeric supports with reactive chloromethyl groups using diversified mixtures of the VBC and DVB monomers as well as organic solvents.
